Abstract. Hybridizing metaheuristic approaches becomes a common way to improve the efficiency of optimization methods. Many hybridizations deal with the combination of several optimization methods. In this paper we are interested in another type of hybridization, where datamining approaches are combined within an optimization process. Hence, we propose to study the interest of combining metaheuristics and datamining through a short survey that enumerates the different opportunities of such combinations based on literature examples.
Introduction
Hybrid metaheuristics are more and more studied and a first taxonomy has been proposed in [44] . Many works propose to combine two or more metaheuristics, but other works present also hybridizations between exact optimization methods and metaheuristics. Another promising approach to hybridization is to use datamining techniques to improve metaheuristics. Datamining (DM), also known as Knowledge-Discovery in Databases (KDD), is the process of automatically exploring large volumes of data e.g., instances described according to several attributes, to discover patterns. In order to achieve this, datamining uses computational techniques from statistics, machine learning, pattern recognition or combinatorial optimization.
Datamining tasks can be organized into a taxonomy, based on the desired outcome of the algorithm. Usually a distinction is made between supervised and unsupervised learning. Classical tasks of supervised learning are:
-Classification: examining the attributes of a given instance to assign it to a predefined category or class. -Classification rule learners: discovering a set of rules in the database which forms an accurate classifier.
The most common tasks of unsupervised learning are:
-Clustering: partitioning a data set into subsets (clusters), so that data in each subset share some common aspects. Partitioning is often indicated by a proximity evaluated using a distance measure. -Association rule learners: discovering elements that occur in common within a given data set.
Using metaheuristics for knowledge extraction has become common while the other way which consists in using knowledge discovery to improve metaheuristic is less studied. This research way can be refereed as knowledge incorporation in metaheuristics and may be performed by using informed operators, approximation of fitness, etc.
To illustrate the different ways to integrate knowledge into metaheuristics, a small taxonomy that summarizes compositions found in several articles, is proposed in Figure 1. -Two kinds of knowledge can be distinguished: a previously acquired knowledge which is called Apriori Knowledge and a dynamically acquired knowledge which is extracted or discovered during the search. -Another useful information to classify algorithms is to distinguish the aim of the cooperation. Either the cooperation is used to reduce the computational time i.e., speed up techniques, by simplification of the fitness i.e., fitness approximation, or by significantly reducing the search space e.g., leading the metaheuristic in promising area; or the cooperation is used to improve the quality of the search by introducing knowledge in operators or in other parts of the metaheuristic. In fact, the insertion of datamining techniques often leads to both speeding up the metaheuristic and improving the quality. -The last point used to distinguish the hybridizations is to determine which part of the metaheuristic is concerned by the knowledge incorporation. Hybridization can occur in each part of the metaheuristic: parameters, encoding, evaluation, initialization, operators, etc.
This paper aims to provide a quick comprehensive picture of the interest of combining datamining techniques and metaheuristics. We do not consider here the vast topic of incorporating knowledge but the use of knowledge algorithms also called datamining algorithms. In order to present this literature review, we have chosen to classify references with respect to the localization of the knowledge integration.
The remainder of this paper is set out as follows. Section 2 highlights the potential of datamining to speed-up metaheuristics by using datamining during
